compared is almost certainly substantially greater with measures of
absorption than with atmospheric measures,

Tobacco smoke contains many substances, but only a few have
been measured in human biological fluids. Of the gaseous compo-
nents, markers include carbon monoxide and thiocyanate. The latter
is not a gas but a metabolite of gaseous hydrogen cyanide. Concentra-
tions of nicotine and its metabolite cotinine are markers of nicotine
uptake. In mainstream smoke, nicotine uptake reflects exposure to
particulates. In environmental tobacco smoke, nicotine becomes
vaporized and therefore reflects gas phase exposure (Eudy et al.
1985). Quantitating tar consumption is more difficult; urinary
mutagenic activity has been used as an indirect marker.

The relative exposures of nonsmokers to various tobacco smoke
constituents differs from that of smokers, Assuming that exposure to
a single tobacco smoke constituent accurately quantifies the expo-
sure of both smokers and nonsmokers to other constituents is
inaccurate because mainstream smoke and environmental tobacco
smoke differ in composition (see Chapter 3).

To understand the usefulness and limitations of various biochemi-
cal markers, it is important to appreciate the factors that influence
their absorption by the body and their disposition kinetics within it.

Carbon Monoxide

Carbon monoxide is absorbed in the lungs, where it diffuses across
the alveolar membrane (Lawther 1975; Stewart 1975). It is not
appreciably absorbed across mucous membranes or bronchioles.
Within the body, carbon monoxide binds, as does oxygen, to
hemoglobin, where it can be measured as carboxyhemoglobin.
Carbon monoxide may also be bound to myoglobin and to the
cytochrome enzyme system, although quantitative details of binding
to the latter sites are not available. Carbon monoxide is eliminated
primarily by respiration. The amount of ventilation influences the
rate of elimination. Thus, the half-life of carbon monoxide during
exercise may be less than 1 hour, whereas during sleep it may be
greater than 8 hours (Castleden and Cole 1974). At rest, the half-life
is 3 to 4 hours.

The disposition kinetics of carbon monoxzide explain the temporal
variation of carbon monoxide concentration in active smokers during
a day of regular smoking. With a half.life averaging 3 hours and a
reasonably constant dosing (that is, a regular smoking rate), carbon
monoxide levels will plateau after 9 to 12 hours of cigarette smoking.
This has been observed in studies of circadian variation of carbon
monoxide concentrations in cigarette smokers (Benowitz, Kuyt et al.
1982). Smoking is not a constant exposure source, but results in
pulsed dosing. There is a small increment in carboxyhemoglobin
level immediately after smoking a single cigarette, which then
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declines until the next cigarette is smoke<.i. But after several h?urs of
smoking, the magnitude of rise and fall is small .compared with the
trough values. For this reason, carbojfyh?moglobm levels at the end
of a day of smoking are satisfactory indicators of carbon monoxide
i t day.

exg:l;ﬁid:zl:fm% expzsure may be more ’.constaI}t during environ-
mental tobacco smoke exposure than during active smoking. '1_‘he
major limitation in using carbon monoxide as a means of measuring
involuntary smoke exposure is its lack of specl.ﬁclty. Endogenot.xs
carbon monoxide generation from the metal-Johsm of hemoglobin
results in a low level of carboxyhemoglobin .(up to 1 percent)
(Lawther 1975; Stewart 1975). Carbon monoxide is generated by any
source of combustion, including gas stoves, machJ_nery, and automo-
bile exhaust. Thus, nonsmokers in a community with moderate home
and industrial carbon monoxide sources may have carboxyhemoglo-
bin levels of 2 or 3 percent (Woebkenberg et al. 1981). A carbon
monoxide level of 10 in room air results in an increment of 0.4 and
1.4 percent carboxyhemoglobin at 1 and 8 hours of exposure time,
respectively (Lawther 1975; Stewart 1975). Thus, small increments of
carbon monoxide due to environmental tobacco smoke may be
indistinguishable from that due to endogenous and non-tobacco-
related sources.

Measurement of carbon monoxide is straightforward and inexpen-
sive. Alveolar carbon monoxide pressures are proportional to the
concentration of carboxyhemoglobin in blood; therefore, end-tidal
carbon monoxide tension accurately reflects blood carboxyhemoglo-
bin (Jarvis and Russell 1980). Expired carbon monoxide can be
measured using an instrument (Ecolyzer) that measures the rate of
conversion of carbon monoxide to carbon dioxide as it passes over a
catalytically active electrode. Blood carboxyhemoglobin can be
measured directly and quickly using a differential spectrophotome-
ter.

Thiocyanate

Hydrogen cyanide is metabolized by the liver to thiocyanate. In
addition to tobacco smoke, certain foods, particularly leafy vegeta-
bles and some nuts, are sources of cyanide. Cyanide is also present in
beer.

Thiocyanate is distributed in extracellular fluid and is eliminated
slowly by the kidneys. The half-life of thiocyanate is long, about 7 to
14 days. Thiocyanate is also secreted into saliva, with salivary levels
about 10 times that of plasma levels (Haley et al. 1983). The long
half-life of thiocyanate means that there is little fluctuation in
plasma thiocyanate concentrations during a day or from day to day.
Thus, the time of sampling is not critical. On the other hand, a given
level of thiocyanate reflects exposure to hydrogen cyanide over
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sever?.l wgeks pmceding the time of sampling. When a smoker stops
smoking, it takes an estimated 3 to 6 weeks for thiocyanate levels to
reach that individual’s nonsmoking level.

nonsmokers (Vogt et al. 1979; Jacob et al. 1981), light smokers or
involuntary smokers may have little or no elevation of thiocyanate.
When thousands of subjects are studied, involuntary smokers have
been found to have slightly higher thiocyanate levels than those
without exposure (Friedman et al. 1983). Other studies of smaller
numbers of subjects have shown no difference in thiocyanate level
between exposed or nonexposed nonsmokers (Jarvis et al. 1984).
Serum or plasma thiocyanate levels can be measured using
spectrophotometric methods or, alternatively, gas chromatography.

Nicotine

Nicotine is absorbed through the mucous membranes of the mouth
and bronchial tree as well as across the alveolar capillary mem-
brane. The extent of mucosal absorption varies with the pH of the
smoke, such that nicotine is absorbed in the mouth from alkaline
(cigar) smoke or buffered chewing gum, but very little is absorbed
from acidic (cigarette) mainstream smoke (Armitage and Turner
1970). With aging, environmental tobacco smoke becomes less acidic;
PH may rise to 7.5, and buccal or nasal absorption of nicotine by the
nonsmoker could occur (see Chapter 3).

Nicotine is distributed rapidly to body tissues and is rapidly and
extensively metabolized by the liver. Urinary excretion of unmetabo-
lized nicotine is responsible for from 2 to 25 percent of total nicotine
elimination in alkaline and acid urine, respectively; nicotine excre-
tion also varies with urine flow (Rosenberg et al. 1980). Exposure to
environmental tobacco smoke, active smoking, and use of smokeless
tobacco markedly elevate salivary nicotine transiently out of propor-
tion to serum and urinary levels (Hoffmann et al. 1984). Nicotine is
present in breast milk (Luck and Nau 1985), and the concentration
in the milk is almost three times the serum concentration in the
mother (Luck and Nau 1984).

The rate of nicotine metabolism varies considerably, as much as
fourfold among smokers (Benowitz, Jacob et al. 1982). There is
evidence that nicotine is metabolized less rapidly by nonsmokers
than by smokers (Kyerematen et al. 1982). A given level of nicotine
in the body reflects the balance between nicotine absorption and the
metabolism and excretion rates. Thus, in comparing two persons
with the same average blood concentration of nicotine, a rapid
metabolizer may be absorbing up to four times as much nicotine as a
slow metabolizer. To determine daily uptake of nicotine directly,
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